Introduction
Because of the rarity of primary hepatic leiomyosarcoma, our understanding of the tumor is limited. Its etiologic factors have not been clarified. The diagnosis is often difficult due to non-specific presentations, laboratory studies, and images. In addition, the standard of care has not been established. Its prognosis is thought to be poor.
We herein report a case of primary hepatic leiomyosarcoma (PHL) in a patient with autosomal dominant polycystic kidney disease (ADPKD).
Case report
A 63-year-old woman had a 20-year history of numerous cysts in her kidneys and liver (Fig. 1a) . Her father, two of her father's sisters, her sister, and two of her cousins had been diagnosed with ADPKD. Based on her images of kidneys and family history, she was diagnosed with ADPKD. With the exception of ADPKD, the patient had no medical history, including previous liver disease or alcoholic abuse. Tolvaptan (60 mg/day) therapy was begun in our hospital to inhibit cyst growth and slow the decline of kidney function. Eight months after the start of the therapy, the patient was referred to our department with a chief complaint of general fatigue and fever of unknown origin for the previous few months. Physical examination was unremarkable, and laboratory analysis revealed anemia and a slightly high leukocyte count, platelet count, and C-reactive protein concentration. Impaired renal function due to ADPKD Abstract Primary hepatic leiomyosarcoma is an extremely rare tumor. The diagnosis is difficult, and its etiologic factors have not been clarified. A 63-year-old woman with numerous cysts in her kidneys and liver was diagnosed with autosomal dominant polycystic kidney disease (ADPKD). Several members of her family also had ADPKD. She underwent treatment with tolvaptan to inhibit cyst growth and slow the decline in kidney function. Eight months after the start of the therapy, she was hospitalized with fatigue and fever of unknown origin. Diagnostic imaging showed a very large hepatic tumor, and histologic examination of a fine-needle biopsy specimen revealed the tumor to be malignant. Differentiation between carcinoma and sarcoma was difficult based on the histological findings. The tumor was thought to be excisable; therefore, hepatic resection was attempted. At the time of surgery, as the tumor had grown larger than when imaged, complete resection was impossible. However, a part of the tumor was resected. Histopathological and immunohistological examinations of the surgical specimen confirmed a primary hepatic leiomyosarcoma. Whether the tumor was associated with the presence of ADPKD remains unclear, however, this is the first report of the combination of these two diseases in a patient. and elevated concentrations of alkaline phosphatase, lactate dehydrogenase, and γ-glutamyl transpeptidase were observed. α-fetoprotein, CA 19-9, carcinoembryonic antigen, CA125, and PIVKA-II were almost normal. The soluble IL-2 receptor concentration was slightly high. Hepatitis C virus antibody and hepatitis B surface antigen were negative. Indocyanine green at 15 min was 8% (Table 1) .
Besides multiple hepatic cysts due to ADPKD, an isodense mass of 10-cm diameter was newly discovered in the left hepatic lobe on abdominal computed tomography (CT). Contrast-enhanced CT showed that the margin of the mass was enhanced in the arterial to venous phase (Fig. 1b) . On magnetic resonance imaging, the tumor showed slightly low signal intensity on T1-weighted imaging and slightly high signal intensity on T2-weighted imaging (Fig. 1c) . A whole-body positron emission tomography-CT scan was conducted, and the tumor appeared as a lesion with 18 F-fluorodeoxyglucose uptake (Fig. 1d) . On the images, the tumor remained in her liver. In addition, any enlargement of lymph nodes and metastatic lesions was not recognized.
Although fine-needle aspiration was performed for a histological diagnosis, differentiation between carcinoma and sarcoma was difficult. The tumor was thought to be excisable; therefore, hepatic resection was attempted. However, at the time of surgery, as the tumor had grown larger than when imaged, complete resection was impossible. However, a part of the tumor was resected. In a short time after the operation, she died without additional treatments. F-FDG uptake is present on the liver; this lesion corresponds to the tumor revealed by computed tomography and magnetic resonance imaging Microscopically, the tumor was composed of spindle cells with eosinophilic fibrillar cytoplasm. These cells were arranged in short intersecting fascicles (Fig. 2a) . The nuclei were hyperchromatic, and mitotic figures were prominent (Fig. 2b) . Immunohistochemical examination revealed that these spindle cells were positive for α-smooth muscle actin (Fig. 2c) and vimentin, but negative for factor VIII, CD31, desmin, S-100, HepPar-1, α-fetoprotein, and erythroblast transformation-specific-related gene. Based on these findings, we diagnosed the hepatic tumor as a poorly differentiated leiomyosarcoma. We also investigated the presence of Epstein-Barr virus (EBV) by fluorescence in situ hybridization, but were unable to detect it. This eliminates the possibility of the smooth muscle neoplasms having been induced by EBV.
Discussion
Primary hepatic sarcoma constitutes only 0.2-2% of primary hepatic cancers [1] [2] [3] . Among these primary hepatic sarcomas, PHL comprises 6-16% [3, 4] , making it an extremely rare tumor. PHL may develop from the smooth muscle cells of intrahepatic vascular structures or bile ducts [5] . However, its etiologic factors are not fully understood.
Previous reports have described the development of PHL in patients with Hodgkin's lymphoma [6, 7] , gastric nonHodgkin's lymphoma [8] , hereditary retinoblastoma [9] , immunosuppression due to renal or liver transplantation [10, 11] , von Recklinghausen's disease [12] , cirrhosis due to hepatitis C virus [13] , Behcet's disease [14] , acquired immunodeficiency syndrome [15] [16] [17] [18] , EBV [11, 17] , use of Thorotrast [19] , and multiple cancers [20] .
To the best of our knowledge, no previous case reports have described the development of PHL in a patient with ADPKD. Various extrarenal complications have been reported in patients with ADPKD, such as intracranial aneurysms, diverticula, abdominal hernias, and valvular abnormalities [21] . However, ADPKD is not considered to be a risk factor for any cancer, so whether the ADPKD was associated with the PHL in the present case is unclear. In addition, our patient had received tolvaptan, which slows the growth of kidney cysts and the decline of kidney function [22] . However, no side effects of tolvaptan in the form of tumor development have been reported. In our case, the PHL may have developed incidentally. Although this case is very rare, we should pay attention to the fact that PHL can be arised in patients with ADPKD. Human and animal rights This article does not contain any studies with human participants performed by any of the authors.
Informed consent Informed consent was obtained from the patient in this report.
